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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a self-aligned contact structure and a 
self-aligned contact structure formed with the method. 

SOLUTION: A method includes a step of forming wiring 
patterns mutually in parallel on a semiconductor 
substrate, and a step of forming a spacer with the upper 
part width wider than the lower, on a part of a side 
wall of the wiring pattern. The spacer includes an 
etching block liner covering the sidewal) of the wiring 
pattern, and an upper spacer covering the upper part of 
the sidewall of the etching block liner. The spacer may 
also include a sacrificial isolation film residual 
substance covering the lower part of the sidewall of the 
etching block liner. The width of the sacrificial 
isolation film residual substance is narrower than that 
of the upper part of the spacer. An extended part of the 
etching block liner intervenes between the sacrificial 
isolation film residual substance and the semiconductor 
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ftfcgBi^ * - JfMT £&Pg £ . 

mm$k<Offl&J*Z~^><om<DTU*f * 9 7^ (lowe 
r gap region) rttCiitisBx 9 ^^iflitifciotli 

SafBiS^^^f-XDigPfflilli (upper sidewall) Rtfitt 
EMttlfilKK'** - >®ifcffll«M&K 5 ±8B*~i— 

> i/vx 5- i ltw uximmmmmRvimim. 

ByiBfiMiS •\ttc&-)MD&te.S\U $n/cMIBx 5- ^> ^ 
PUtlgSrP&S UTiuiBM^lEfi^* ->©Pb3©b^.I 

^Ksi-r & s es^3 > a? h *- zmm 
¥m#mte±t l ct&mmzm}&T -siapg £ . 

£. 

l>TlB«SIMS?>*|glB#^JS?ra^W{C^- £ - x > ^ L, 

•y*^#mmtzm?zir +• 9 t-^yie^jig&cmfB* 

- k zmzmwcmm znxBtfttz c £ £#«*£ 
r z> imm 2 tc tmo e =< > * * r *mi£&©?im 

[ m&m 4 ] mftax v j- > ^Pi±ii«mifa+ + * t-> 
tssfe©E«i©H©*> * ymmzgnb zmmmmz & 



tifH 2001-284452 " 
2 

^il±lC?i^BX9^>^PI±M£&ffl3#£Klg££ - 
$t?C£*#84£-r^sf#^l{ciBl8©SB^=i>^ - 

(high density plasma oxide; HDP oxide) , USG(undop 
ed silicate glass)X{*^7XvTE0SM(plasm-enhance 
10 d tetra-ethyl-ortho-si 1 i cate)VBJ&^ S C £ ^#SS: 
£ T ^IS*« 5 KI3t&© S S^-q 3 > ^ ^ h ^J»^©^ 

[fi*« 7 ) miiBm^iSJl^^Mx v * > y^-SS 
»tt«&ttx 9 ur^is^i c £ 

m£-rss»*^5JciBtg©ies^3>f * h«jg<*© 

[ft*99 ) l«iB±gpx-^— tf-«irlBx 9 ^>^P1 

±M £ h— ttWM-cjiassr •£>«:£ %m t?z 

1 {CfB*g©SB^n> : >^ h^ii^©^^ 0 
[fitJfcgUOj prgBBHIte*RlllBB«rfB«ttl6»iS^A*$ 
->£gI-^Kflg-c^^S£: £^^®£TiiS*ii 
1 (ciBtg© a BS^3 > * h ^ii^©^fiR^. 

BalB®Po^«lffi±iCH«fBMPa^K©^M^*sm $ 

30 ti7* h U^^^^^->^^-^,|gpg£, 

MfB7* h U^*rAdr->. tiTi3X9 5 : ->^PIit^R 

SBBMi^ilScmiBS¥l4«»JK^^-->*i*Kfi«>{cS 
^ttx ^>i/lT, tiff B«ifc©13*§?^ * - >©ra©Bff 

m£-rstf^l {ClBtg©SB^3>^* 
©?f$^ra. 

Cf«*ai2] mriB*-^i£Sg$1f^ePt«. 

40 KEftne«nin&Kii««#ttx » ^> -s©pg£. 

BUI37* hU^^^^'^->?r^'r-5|gPg£?:^tfC 
£*^£-r€.fS*Sl 1 {ciBiS©gBH^3>^i' r 
«K£«t©JB/a*& 

i 3 ] B&i3*-^£&5fi$-££fspgtt> ma 

«tt«f»K'<* -~>SC>*mrg3/iF B 1i^#Jl?:SSi:x 7f> 
yi/-C> mif3±gp^-^-1^-©T«:±SPX^— y--©$s 
^•3^^^^^© (sacrificial isulating la 
yer residue) ZmZfmZ&tiC t%tmtTZ>m& 

m i icEffi® e es^n > ^ ^ n ^»©^^s„ 

0 [!i*514] Hul3gBSI^a>f ^ h*-JU«r^J5fi 
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>&f-2>f8Rt4. 

-rzm&m 1 {cfBi&©SB$g£=i * rflfigf*©^ 
*^/?wsig|5g4. 

r A£->£j&£-r£KPi4. 

RI4. 

sine 7 - k => -f * -><dihi©t»¥ + ? 

#>zm i wttMititt* ->Rvs?isy- h >"•*-:>© 

4. 

fJfH -7- K7-fW^- >©±gPfflIlSSC/S>riBy- r ^' 

* - >©±a5ffliJM±tc#§m i ±sb* tr-so^ z 

L/TSfrfBJS2@85«R«rt©S5ffi^ 2 ttttfeiMR/'C * - > 
WSulBx 7 ^ > fffiJfcfil«riifitW«:S*ttx ? > y 

wsm i ±aw«— y--*x ? * 4 ltis 

UTSJiBy * y -fe ju^rt©SiriBgKif&^M©^II^ 

l/T, SfriB?- F^>^*->©PH ! ]©B/T5Efije$£KiI 
■r -2. #- JH&JBfiW 3KP£ 4 . 

mriB^-^Kick^Tgiffl^nfeHufBm i mwmm'** 
-^Ram&mrmmmzmij&x. ? forma* 

meM^i titcx-juomcmm sn/ctfrfax ? ^> y 

PUhii^^L/r. ji>fiB»7--F-5-f>>'-c#-->©P t g©j?r 
K»4*£toC4*««4-r*@B15£:3>** rtff& 
I 1 6 ] 1OTE8BR<D V - ¥ 5 A >sl 2 - 
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S!FfBpf J C:U-fe^M^©S14ll«?rfil^J2.ai!t©'7- 
W >&tmi BJajZOBlBMiCOiittlRiC^ttin s F « 

S!SI^4£$tft4*^4-f Sflt*«l 5(tiafS©lU 

im>m 1 7 j s5iB«ss«. > u 3 >g{tn©¥- 

Jg (a single layerof silicon nitride) Xtt2^U=>> 
ttftJRRVS/U 3>St<fcM©-SJl (a double layer o 
f silicon nitride and silicon oxide) ~eftZ$r$~Z>C 

t&ftWLfrzmjRmi 6tc§B«8©eB^3>f * f 

*Sfi§tt©J&£*7a. 

1 8 ] SJIBx y ypfl±K«'> y 3 
lgvmi$,TZ>Z£*:ttmt'?Ziti?mi 5tciBt£©iB 
> ^ * h 

2 «n»6iHR^ f - *mm- zmmts 

m Bx * ypflihJS*^J5£ S iafcM*«J©^® «cSuiB 
S&OD?- ¥ J 5>J>'-<it->Om<D'¥+ v 

SnB«SKIUI«±Dx t» bTiifaffi^©«7- F 
^ -f > A* - >©p B lOTgP^ + f 1 
BP<*-*»ja^-*4HB*tc. Busay-h^ , a'->©^ 

ate i «4tifiiup-c f -«xwrr zimt c t * 

30 Vf<DB&fi&. 

im^m 2 o ] m&®imM.m.\mmm.-7?x-?mi 

K. USCX»^5XvTO3Sil'CJI5J5W-*Ci*1*«4"i' 

^.j=i>^kJgr^^SC4*!|#®4TSfg^l 5 
(Cfetg© g B^=i > ^ ^ r *»ig(*©^^?*. 

tis^2 2) |friaMra*fe»^». jwsjk^xvm 

itm. usc3U4^XvTEoa«-C3B«-r*C4*1*«4 
40 r-5IB*^l 5«cfBiJ5©aBSl^3>^i' h«jti*©J^ 

9=->yur. Mew i ±»^^c— ^-©TtcffgBM i ± 

*«tfC4*««4r*»#5ll 5tClB«©iBS^3 

rsiaisg©^{c. 

so MfBgBIS^3>f * h*-ji/*sjgfiS;$ti/c*S^©^ 



comXitmic, 10 

1 89*35 2 6 ) iiriBJi Rg^ig*«r i&pg©!* 
& 

[»*B2 7] ^RJbKMSh, Wil/fc 20 

«&©*&& $ tiidsm* * - > . 
nsmcigmztiitmw&rtv f. 

[ss*^ 2 8 ] maw** - >«. JK^tcae 3 n 

fcEtKR&&S0t''< * - > *$t? 1 4 i r *»* 
312 7tCi2ta©aBSS^3>dr* r#3t#. 30 
[il*«2 9] mBX**— 9"- ME. mEBK/f*-> 
©WMitcjft&Sftfcx iffR±? -f ±- aowia 

!^-*^trCi*««ir*lf«JH2 7KIB|g© 
[»*« 3 0 ] mriBx v 3-1, #fM±5 ^ ^--CDTSPflW 

^Srttf*. lufB«!tt*fe^J^I*!BJtt. l«gB±g|5^^- 
"9-~J:0*l>IB*Wr*C4*»aiir*ll«3B2 9«: 
IBi&©SESg£3>**r1fi£f*. 40 

mm.om kwbi ? ^ > m± 9 * -©jawu^a 

§ ft £ C 4 £^£i 4 T &lii3fcgi 3 0 (t f BiJc© g BS££ 3 
[000 1 ] 

[«!B©fllf afc^Ditt^tWWR^OHJSjEr 
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£&©•?&£,, 
[0 00 23 

[«£*©««] fiftlfoiSgoJgUDtcSt^r, MB 
«©*RO*E«©IHI©IWfc *) W&Hcyk < & -5. S£o - 

0fiS^"Sfc«&©^JtIg (photolithographic proces 

s) zmm-fzs*. M^*ss©Jtjn©A:«>tciBs 

[0003)01 BDRAMt^O-fe;l/7 U «i*©— 

aR»*^r U -f T •> r 5. 

[ 0 0 0 4 ] H 1 Z^m-f h 4 . *ag#®tgtcfi|&©r§ 

1 jwKRRsti*. mmommmm 1 ttxMRtxvw 

tc&oTJSaifcicgBgSftS. ftfSttm l £««J*8 
&© c - F 5 > A * - > 3 3&Jta^ff JC12S 3 in £. — 
o©ffi140ftS 1 (i~o© 7 - F 7 A - > 3 43c^ 

§?st4^si©>i-ffl!i{c«ees^$nfc^-v Ka 

r*~.fe&R£-*-Sft:ti>©'-t~ (bar) mm<D=i 
Mf*->5#BBg$n-5., r;<*-> 

* htf~Jl'£&J^&;to!>©x??>£r'?;*£A>$. y 

[0005] 02. S3. 04. 05. M7lit*©l 
ES^>:Sfi» h^@«:©^^ffi^BJT-2»/c«?>©»r 

wm&z. ^0cc*j^-c. "a" sex "b" -cm. 

^3tt/cS|5#«DRAMg^©.rf* U -feJL-Ml|{S^2|5ISS 
ffi$t&m?. 02. 03. 04A. 05. 07Ojf*y 
■fe^^A{i0 1 ©I- l{C <fc SKffi0t:-* ?) . 0 4 Blt0 

i©ii-n(c«ts»rE0-r*s. mmmmi£Bitm.w 

[0006] 02 ^r#ilS-rS4. 1 1 ©BfJ£ 

<m 1 5 . &ut. + ^ t- >^>^m. f^ ^ 
mzmxiz&j&TZo t'>?mmm%.v^- fv 

^ * JBiW&&i' U n >^tMS^-> 3 >BMUlTflSJ5E 

^ScX^^-lSf M l 3©±gP£*2tSJ£lS&©<7--F-7 
-f>^*->2 3a*?fM-ri4lBl^{C. ^aislSSMiiSB 
©S14^^^€>y- r^*->2 3 b^fiR-r-S. 
CntCjToT. ^#©>7- F^-f»<*->2 3a«J« 
^(C«Jl$n/c'7- F^-/>1 7a . 
M^^->1 9S^-Fvx^^^->2 l-effif£$ 

cn4isi^{c. ^&s©y- h^-^->2 3WijiiB 
^«cai$nfcy- hmm 1 7 b . * + t->^«a?#M 

[0 00 7 ] •7-F7-f>A-ir->2 3a l tf-b'** 
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f#iMMK2 4. 2 4 a, 2 4b£)fc/&T-S. CtltCjr-o 

x . p< * y *;UMiiSArt©-o©^$.ii^c =o©<g& 

KWMBigc2 4a, 2 4b^^^tl5. tSUfli^©* 
^SP«:?f^3n/c^F*6!Bj^2 4 bt-i^ji FM>®« 
KttSU *aFW>^!c2 4b©WffijK^j££ft/t 
&atl£7W4MIIM2 4 at* V-^^KKSTS. 
C 0 0 0 8 ] B 3 *#JRW* 4 . teiSB£W8j£ig2 
4, 24a, 2 4h*J^fi£Stl3fc*S*BJ<D^ffitC^y3> 
ftf Ufefttt L/ fc«. ^ y a >»W*»35rtt* v ^> 
^l/T. F5^ 2 3 aKC«r--FrC*- 

> 2 3 b©ffi!lig±K:*-<— fr- 2 5 SJBfltr £. y- F 
^*->2 3b, y-2 SSCfXfmi 3£ 

fttttCNSnWne 1 x l 0*'7!>S5xi O^ion atom 
s/cm 1 ©HS&Afi (DoseyC&A l/"C, y- F * - > 2 
4 b©WflMCt LOOSS V - X/ F lx -f >tRtt 2 6 &Bf&? 

[ooo9) ldobv-x/ fw ym®2 6 j&S^ESS n 

fctt**ND£lHK:x v f > yfflitJg2 7 jl 

? f >ypiltK2 7 »^xg-c^snfc^p^^^ 
y a bm-C^-T £. iyf> ypiih^ 2 7 

3 m,tiMmm<o±WK. . ? - f 5 - > 2 3 aCD 
^^^tcss*s®fa^ig2 9 zmtft 
•r*. mra^M2 9 «8 0 0 rMT<Dtsmvm&r z> 

8 5 0'C7bm.9 5 0*C©iS&cy Xa-3ft£BPSG 

^rj&s-r ^*yH2;vM^Art©{Sigs 

^RWBjfl^ 24a, 24 bRVfflm®ffim® B F*3© V - * 
/FU^>^2 6#TO£ffcS*lT. F5>^**-© 
ft ^§t5fc*-C*4. g^T, JIP3 

^^2 9ii8oo 'ozTFoiSiUx-* + v -fmrnztfj 
f (void) frKe, s&£K?s«>f#*!BjstR m«s;sg 

iT'^Xvitltl (HDP oxide) TJ&j£-rSC£**M3: 

[0010] l*»u jinttttM2 Q*m-®m.7=yx-v 
x^£S«©ii;tt£ittos # ft n tfft e>fto. c ©Eg, 

x^^->ypfljhM2 7*m^il*, #S*tf2 0 0 AWT 

©?i<,>/s#£*r-fs<b, iS&g^xvifrc&fflsti 

hELfcijX (reacting gas) # X v ?>ifm±M2 7 

1 1 (omonmicmMLx. 

PlltJg2 7ti*l>fc< £4>2 0 0 AJ:0/1C»/?*K:^U 

ftwn«^c6fti». b*>u x ;» ^ >w&±m2 7<Dm 
* r*-ju©TgMi«M4>-rs. ee^r. x?^>ypi 
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-±JS2 7 ©/p^ t $ tttc < l\ 
[ 0 0 1 1) X, ™«IW2 9«*«tt:/5XvBMt 

0 3 (ctssj-i/c <*:$«:. ^^'j-feji^JiAR^aiiss 

M^B©P^tCSl(global step difference)**^?-*. 
<fc*3l¥L/< {*, ^ * y -fe^^A©JlP^ite^Jg 2 9 ©SI 
S^2lsIgg^B©SP^it&^ 2 9 J: *) &{<\ t fttt 

iss^7 x~?mtm*j&i$fliz> * *xXAtci§H-r 

10 Stis^^-^^y^yx^f >yxgsc^*xg{c«t 

e»T6ft«WJ: 9 tttr U5^ffigp©='-y--S15^?:i 

•7-C@ra^M2 9>£r^<S-r4«^{C. Jg/^->mS 
©y * y 42;i/0^AJttcffl*ffl<jic^i^*©gpaite^ 

[0012] E4*#j(rrs£, ai©a>$i'Mi' 

m®t&<Dmmmmm2 9CDmfem®zmij&x- 
20 y-rs. .jftvr, >tntR±m2 7*u?>^ 
t. ^*yH2^jg«A©v-xM«2 4asc;«aFu-r 
>SW(2 4b*25Hi3ifseai^A 5 , Fn>*^ 

-Jl'ttL H2£JE/j£T-5. C©|g, S3©lu^©J:5K:. 
SES^^ - » Fa> ^ ^ h *~>uhl H2©TgPffM±K: 
9=->ypaitM^^^ (etch stop layer residues ; 
2 7a) *mi>Cttax^i>. x.yZ-yifm±M2 7<D 

m*m%m-$-z&£ % s-v*i>#v&i£ffi&&m 2 7a© 
ifs«^Jn-r-2>. fto-t\ xy^>^iihjg2 7©/5*^ 

30 x H2tcJ:-p-CStH$*iSv-^^lS2 4aSc> f ftaFU 

•/>A?->2 3 a4HH4€l«©P^©T 5 -/ ^ > h v- 

(alignment margin)*s^i>T-Sie^?rJS*"f -5. 
[0013]— 0 1©3>*^ F^^->5*SJS^ 

h*-JbttL H25:RB5£T^fcJ{)©^Xg€:|lifit-S5 
Sl©^A{c?9oT^^*^-rs»^{c, 04 

B{t7K3tt/c<fc5tt. v -zm® 24 atmmbtcm? 

40 •CSSfcB§1i-5Ct^-C#S. c©i^. eEH^$n/c^ 

WH 2 4 aScO^a F U-f >ffl£ 2 4 b©ffi«^li JO § 
&yc»(cJ||HH6IMIt 2 9^^ttX5. ^>^iatf. m 

®®2 4atDmm*$£tii$tiz>. ^t, mmrmvB 
a* Fi¥ig#«l£i i ©Ktcisns^iiam^if 

[0 0 14] 0 5£#M-ir£<b. eSII^^^/c^^ F 
50 a^^^h^-JUHl, H2*5ff^$n/c^ife©^ffi«:^ 
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HJH3 1. 5'ya>tt*j&iws. com. 

mnm3 1 <D±.umm * * y -fe^^Ast^ 

[0015]I6 £ t . U ■feJ^l^cA© , 7 
-F9-f 2 3a©±SPffi#:g5lti;**l£B$$ 

ttfc<k$(C. HjBBB*ttB£|»S^fc7-F^-f><rc 

$->2 3 a©±aHB*wasn*isr«:j»*y-fe;HR«A 
Autism cntt. a3tc^sn?fcjBia*6«ftj82 

9 © S iSWfc^tSfiWFexeODishinc^tCieH-r 
"7- F^>^£~>2 3a©±eCTB£3K£K:BBJ3-& 
SmWtCPBBtSnfc^ffitt-'N^ F3 1 a. 3 1 b£Jft&-r 
7 a*iS 7 KtS 3 ftfc «fc -5 (C^til § *l S C £ WC % Z> . 

cooi6] mi*&m-?z>t, mm&^v F3 i a> 
3 1 biiwi&zft?d&mi<o±wit±&mriiiim.m3 3 

SrWT*. _hSPJgfi8*&l*Ig3 3 &'-C*-->^l/CV 
-X U > V-Xffi®2 4 a£«M-T SigUfcb* s> F 3 
1 a£SSfcH<*t*-£fi?jg (storage) F^^^tf r*- 

JW3 5^S^-$nfcJ«^{c. H7fcji%3tift:.fc9CC7 
- F zr 4 > 1 7 a#SW 3 ft S. 
[0 0 1 7 ] ii!f&©<fc5frg]^©&^c«fcS£. Mesh 

-^ftfc;** F3>£* r*-;Kc<fc-3TKtii;*ft£¥ 
^#»S©BS£S*tt$t!-K:<i>. Sot, /<»Fa 
* r&t*£?i&I>3 X. *Stt«*i«7-F 
7 W ~>©ra©IP8i^t§S£ftJn;*-tHc < t> 

[0018] 

[&93*^&0<fc5£-r.5i!f$SI] ^^©Slfttt. M0S 

xe^jyi 3 tH#s e esg^=> > * * r*tat#©«fr 

[0019] ^^©^©SWtt. SSH^3>5f r 

[0020] *%BJ©3 6{C^©SW»» 

[002 1 ] *ftW©3 6tCft!}<!)Stttt. fiHtt*ffT 
[0022] 

[5SgI*IS?ifc:r3/cS>©3Mi2] #$&IB©Sfcj£4e®tt. 
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trnwrn+v s B^^^ > * * h *?£§&©«*/££&&# 

tftlcj: -?TS?Sg3ft/cgE$l£:3>* * r*ifjif*{C J: 

is**-*-**'*— y--*^i/-c. §Ei^3>^i' h * 
tasscf«as^ft»8ijc*«#3-i**. x> c©<k5&# 
mmmm.m*. im-cmm z> c ± w-ajmutm&m 

10 [002 3] *&W<D— mm (one aspect) (C«fc^i. 

ltISI*7f*Jjfrr -&gp§£ . tKttOEft'f * ->©Ra©TgP 
Pii^^ty. 12^<:>->©±»MSCf^4t6 

mm'-** - ><Dmmm®*w.5±.mx'<— y--*^-r 

±BM^— y--3&s^3n/ciS^©±B{C±g|5x 

ig^WrS«it4^i»JS©^^3*5g|SC<!:«>r^-2,. 

[0024] ^BJ©Hig^{C«J:-S i. y * y -fe^l 
h^5ii*©^^£fe«. *^»»«©^M^ 
y -b/i/1Hl«©iSttilHiC«Wn&IHK©7 — F5-f 

»->©ra©TSu+> TW^teis*** i «ttife^M 
^- ^ - >rv#- h ^- ^ - y<ommmtmm 2 «tt 

IWWSSVy- h^-^->©ffiiJM±{c^S^ 1 ±SPX-^ 
[0 02 5] m2±gp^-^— !f-^xvf>^ 

^ i l. r^fli u r , mm®®m®f*i<Dn 2 

50 y--*i?f^3nfc^*!gjo^EK:Jir B ^ 



<7) 



ll 

T. *7 — F5-f — >©nB©BfjE««* war* * 

ttK'< * - >sc;jim4fiRii««3&ttx v * > y . 
tutflttts o o 'mT<mM-cm^ri>c 6&*jm~c$> 

- F^-c * - iy<om<o^»mi<ommmm=s:sm 

[0026] *?m<Dm<Dm& (another aspect) (C<fc 

stifcaratt/tar F£. tt*&K 9 F&tfc©w®j©ie 

[0027] 

mwvm&vBM) hit. *&w<dm$ mmmmrn 

cnart-sftsnaMBiStt. #&Bj©rt^#}8US-c. 55 
SftSJ:5ic^Sfc&fc:ffi{»3ftSfc©^£>-2>. HSte 

fe(r»r. ®ac/««©/?*B§sfitt©?c»K:»5R3n/c 

-€-nBffe©BXBS«±{ce^«:^S*aS 

cifc-cti xb, *n6©iai©»3©Ji«:^-asn 

[0 02 8] S-T, 08 712013, I14A Si 5 

A. 016 A. 01 7A 014 B. 115B, 016 

B. -Hl 7B*#JRLT. *»WKJ:*aeK6=i>jf 
* h«Jfi»Q»JStfrtt*»ili!r*. &#©0tcfci>T. 

"A" &Cf "B" -cmfjiLfci^t^DRAMbJV 

wta^ssmmMink-f. x. 0 8 71201 3t0 

1 4A. 01 5 A. 01 6 A. 01 7ADj**:yisMRM 
At*. 01©I-I(Cj:SBfi®0-C*O. 01 4B. 015 
B. 01 6 B. 01 7BB. 01 <DlI-II(C<fcSfKE0 
~C$> £. JBi2ZglK«itf B»K99(!>ft|tf®ft:ai>(CMCS h 5 

[0 0 2 9] 08£#^-r££. PSh> '7 3 >gtS©<fc 

ttnm 5 3 *jBssr a. aR^m 5 s »b 1 <omn 

W" * - > 1 Mim&tltc 7*h-7XZ Z&m I, X f&fSL 
T*. X. X?^R5 3BttSO*?att&ffi. m 



10 



1$g§2 0 0 1-2 8445 2 
12 

klooosk«xb h \s>?m*&miffi*8imLTmi$. 

hmmm 5 5 z. f- h^M5 5 \&wm>Wk 
mtxm^^mutmmum v- mums him 

^K*Ji^tcaa$-er^-r4ci*ja$ u». f6© 

UT. MORI** + ? f> dWtRKttTjft&r 

RUftitK i < ffiffl s n •& j/ y 3 >Btfbfi«:*t c r 
x * ^> ?miRib*iiT2>imttm. mt££/ y 3>g 



[0 03 0] ^a^±JC01©«7-K7^>^^->3 

tmfrtxtcv* v-?xi>*:&mvx, mi? * tuts* 
20 > 6 3 \*msm®ffi®B<Dffimmiti*m5 ? * ±ypx 

tltc*+ v t>^«JK^'f->5 9 a, 5 9bRc*"- 
K-7^^^^->6 la. 61 b^^tf. ^*y-feJl^I^ 

[0 03 1 ] 09£#MlT£<L. 017* 
^->6 3i^il/fcS. A-Kvx^->6 1 
30 a. 6 lb*i7? >^^il,t«Mir i 

7^rx»,5 : ->^'r4. -?-©ife*. y*yH2->UfI^A©ffi 

ft. ®i2lHll^^B©r£14llt|(*«l^4y- hmS5 9 
b*s^RS3n4„ CCDfig. 9- K7-/>5 9a©K©¥^ 
i^atSSc/y- hm®5 9 b©^i2©*^a®±CC-^ 

'm.f^ncm-xvzmm^intcv-Y^'Ob 7a«t. + + 

>6 laBy- K7-Y>^-^->6 2a*«fi£T-5. Cft 
40 ipj^cc. S2@K«l«Brt{cJi^tc8l®Sftfcy-h 
5 7 bi . * f f> ^*fei^JS^^ -> 5 9 b Sc>* 
\r-7^^^i>->6 1 b By- l-A^->6 2b?: 

[0 03 2] -7- K^W>^^->6 23^^- 

^IDtrttC y > (phosphor) ©<fc ^ &NS£fiK«l 
1 x l C'TiSSx l 0"1on atcras/cirf ©<gsttAfi(Do 
se)TaAbr. {S«ft7*G4MR«6 5. 6 5a. 6 5b 
^-©*S*. ^*y-fe-»l^l^Af3©?Stt^ 
50 (Cfj, H0«Cw3*iA:J:9«:=-3<O(fi«flt^«ift««6 
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5 a, 6 5b*iff2J&3ftS. iSte«*©*<M&K:j{&iJ5Sft 
tc&W&?R$M>ffl$, 6 5 bti— O0^T<D-fe Jl/ r 5 >is 

©WffliJtcMS nfcfitSS>F*fi^J^ 6 5 att— ZXD^ 

[0033] {Ba&m^mifme 5 . 65a. 65 bPJg 

bxs *ifctt*«©£ia«:x 9 > a/i&ikBt 6 7 

s. x v ^ is ^Piitjg 6 7B+ + v z>srtmm'* z - 

>5 9a. 5 9b£H— fcIMM*. IP%. »^!;3>SflJ 

YfcM-e^Ts msic . ^ffiitM 6 7 aw < 

&£«J*(|-r.&/<:tf>fc7 2 0 OATJMl 0 0A©J?2rC?12 
fiS-rSCi^ta^ x 9 yffljfcK 6 7 

$>i>. ffe©7^iLT. {g?WF*#8>^<6 5. 6 5 
a, 6 5b?r^JS;-rSfci*©-Y^>aAXgWx 9 
BaUhM6 7^fi£U/c^{C. HifcStiSc: 

[0034) I10?:#Mni 1 x 9 ? > yffllidK 6 
7 n/cig^CD^MK: . 7- K-5 A > 

6 2 a©P.3©^ + s. :/fj|i££^£fci£#S«*yg&jgi6 

9 zmm-rz. mmmm e 9 1* 8 0 0 -c«T©{£isr 
sf-^T, «%*6«M6 9\mm^vx-7mm. 

Xv7EOSlSXWUSC(undoped silicate glass)^T0J5£ 

iMC^R««HH«6 5, 6 5 a. 6 5b#il*nCCi£fift$n-2> 
C££E*lh^£C<fc X. SS^gX^XvXff 

SCSS^g^-r*. fifoT. «44*Si»ja6 9^i§;ggS^7 
X-?igfblgi-e7&&-r£JS£K:. y^u-feJ^^Artw:^ 

■1 V<Of£^i§^aW.M (void-free sacrificial insula 
ting layer;6 9 ) Z>Z t&V&2>. 

[0035) 01 i5r#M-rsi. mwmm6 9Z£ 

TSP*> 9 (lower pap regions) rttC^ 1 %m 

*6*tlB&;-?*->6 9a*^-TS. 4KttMiHUi6 

®x 9 ^>^-rsxfi«^i4x 9 ?>yx*i. m« 

A$->6 2 a©±gI5B&c>'_tS|5<!!'Jli±©x 9 * > fRi 

±k 6 7 #sstti § *i. mBmnmac y- h a * - > 

6 2 b©±gBH&tfJ:SBf8'MJ:©x * ^>^lfi±Jg6 7 
£SSffl $ it-SIS 2 4g14*&»< * - > 6 9 b*Wi& 3 ft 
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■5. C©K, ^iffi*e^M6 7*i«®S7'-9Xvp-ft)i-c 
^l«ttit6#Jl/N-*->6 9a(D«ffi 
«H 2 tt&Kttlft'* f->6 9 bcomm <fc 9 {B < T * C 

X'* v * 'J 9 ?>^XgSC^#Xg*i35c#(CS 

«W«:llife$n*/cif)-c*)S. m>&*ft«. x^-9* 
<;>yx9^>yx?l©jifT©5*j. ^ffigpon-^- 
gp##¥ 6 ^cSP^J: 3 h icm < x 9 ^ > ^ S *i S/cJ?) 
-C*S. «f-5T. H5^-^->SS<DM^ (p^y-fe;^! 

ii) ±{c^3n^KS5s^xvM{kJg©/s*i±{g^- 
*->m&<Dm® m&®mm) ±tcmj&zri2>mm 

m2«Ste^^^->6 9cu 6 9tslfiBl£2tltcMm 

[0036)012 <b v X^— 

7 l^tti^3 i >yut > 7- 6 
2a©±gPWSScJ !; 'y- h-'N , $->6 2 b09±gBffliMJb(t 
^miXSP^-^— !r-7 laSC/m2±gP^-^— y-- 

[0 03 7] 01 3?r#M^*i. 012©^27*h 

T AiSiaKffifC B 2 f->69 b&tf 

x 9 ^> ^Plit^6 7 ^ig^WtcS^ttx 9 
T. y- F^-5^->6 2b©fi"JMXtc^-<— «f-7 5* 
BIS.?*, x^.— y-75«01 3CC^3nfcJ:^{c. 
y- h^*->6 2b±K:g|#-r5x ; ,^>yPl±7-Y 
^—6 7 at. X;,?>yRi±5-r^-6 7a©±giHBIIi 
±fC^3n/c^2±g|5^-<— tf-7 lbS0 f X9? i > 

Jte»Jg^l^6 9b' ?r$tf. 

[0 03 8] iwr, y-7 5So f y-f--' , t^" 

>6 2b5r^^->aAv^i7 < »:UT^fflUr. 

mm B *C t (Arseni c)-f^->©J:5i5:N M^B«5 -f ^ 

>41X1 0 14 ftS5 X 1 0"ion atoms/on' ©K&A 

g-caAbr, i««K^*B^«7 7^is-r*. cn 

iCioT. y- h * - > 6 2 b©MffliJ©Stt«BilS{c L 

DD§^-*/Fw>einn8a9&j£3ft£. -e©'X 

[0 03 9] V* f-U^^^^->7 3^*$tl/c 

s*^©±®tcerate»j^7 9*^rs. iira^M 
7 9 »0 1 o©*ffi«*BiiiM6 9 iim-^c^KJi-c^-r 

5a. 6 5bRVLDDSV-^/KU^>^7 8rt© 
•5. JIMf&iWR7 9Wi^«tcJ:or^riBifc§n-5.. — 

^. mtsii&tmi 9©sb«0i stc^sn/ck^ic 
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**<jizMmt&.z?mzi®mnMB(Dm(D&g: (s2) 

£*tr-S ci#r#s. J:*)l$L/<». JfJ-kMm 

7 9©ftffi<fc*m<-f -SCi^T**. Ctltt^-K^ 
-C>;-C £ - > 6 2 a©P(fl©¥ -c ? (CHI 1 

BWftBOjiMKttgi 7 9 <omm <fc o x <-> c u 

[0 04 0] 01 4*#JWTS£. JIR8l&liM7 9±iC 

S. t©KS. I2iffi^Bi*«3 7 * h U^X *;\'$ 
*->8 OCC«fcoTSfc>*lS. f63 7* \- \sl> - 
>8 0, gnJbSU^— if- 7 1 aRC/i!?^>^6 7 
*x**>^vx*£LT«ffll/"CJBIHMMMl7 9£Ji 
2Fttx»y>$fl,T. «7- F5-f B 2 a©BB 

09Hewc«m , r«xh-A'8 1 com. 
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fc»©^XlS©l^. KBE^3&J«^Lrt. iesi^3 

SM8 3 . f- f > ^3ft/c* y ~> y a >m&ei£ 

[0 04 3] 01 6*#JS-T*i. V-K7-/>-»^- 
10 >62aO++ » b"> * - > 5 9 a#25m 3 ft 

&&Pra8t 3 tlfcaMttt'* 9 F 8 3 a. 8 3 b&BfiiTZ. 
9«K8 3 Rtf JWIflfeltBt 7 9 7 *r ftl 

*U>. C©fig. ^*y-bJUM^Art(COishinc^^^ 

jfioj: ^ tc . * y *)\^mNft<omMim.m 7 9 ©_t 



<03©2 7) Kifc^-CJP,*©"?. S^lix ? zo.jptlsfeftrJ&S. f,t, WW* 9 F8 3a. 8 3b* 



5^>^-6 2 4DH0&^7»mt!« 65a. 65 
b*5KW3ft*C£&P;llLT£C£#'C&.&. X. JfT3 
7* hU^^ii->8 O#01©X«|{t?&-3-Cg|^ 
^3ftT*>, 3R^«Il5 3*»«WSti*C4*R±r 

ioo4i]Httt, *-ju8 nc^^xsm^titcm 

1 ttttfeflHR't * - > 6 9 aRCf JWHII&IUI 79^ 
ttiyf^^T. 4«~A8 1 *ffi3K3-eS. CftJcJ: 30 
•jt, 7- F5-f>^*->6 2 aPTttftULhtCJIU 

±sp*^— y- 7 1 a<t 0 iftoM©* 1 w&ttltm& 

12j6 9a' J&igii&ftfc*). «7-F5-f >;S£-6 2a©T 
«M&J:©x 9 ^>^H±J^6 7 *i«HSftfc9 r*. 
X. 01 4B{cjS3n/c<t^{C. 0 1 ©Xf4i©;£|S)?:?S 
$*-Jl>8 1 ©&&IHW2 ttfcJWtsW 1 <fc *)fe< 
*~Jt/8 1 £J£3g3tf£?c«D©l£;£ttX9*>^XgB: 
HF(hydrofluoricacid)Xti«ft"^bmJi 9 ^>^?g(b 
uffered oxide etchasnt ;BCE)^£&fflLT C 
£#g£ tA>. 40 
[0 04 2] 01 5*m$.?Z£. 014©^37*h 
U^^$->8 0^Sbfct, *-JU8 1 ©Jlt£ 

sai$n/cx->^>^i55±ji6 7*x9^>^i / T. & 

?£g WBtffligc 6 5 a. 6 5 b£fStH 3 ft* g BH£3 ft 

3#g3W3ft-cfcx9 ?>£t$jtjR6 nctt?z>3-v7- 

WtC. y-h/^->6 2a*JfM-r5/c&©^KXS 50 



JftSLfcflL 7~F7-f>5 7ttM8tt3fe3C££E$ 
±-r-5.C£*ir#-S. *aFl^W>^6 5b«!:^mW 
tc^3 in?mw&.>* ?F8 3b«l^^7^>A? F 
{C^S L . V - xmm 6 5 a6 «^fl«){C^ 3 ft/cSI£g 
14^*5 F8 3a WWiy-J'A, FiCfg^TS. 
[0044]— ^?F83a. 8 3 m.W- F^-f 
>5 7a©Pa©SF^ + ^^5?>^*j^3-»f-5/cab{C 

mi±siix-<— y--7 1 atDT&icm&immmi 

«56 9a" *^#$-ifSCi^M*l/(,». cnJCjflx 
T. ^mttv^ K8 3a. 83bSO*'7-F5Y>57a 
©ffl©SF^+l->'^>^ >^*^3lf-5fcJs6{CB. 01 
1 -C. m 1 «*fc*feli^*->6 9a©±g|5iS^7- F 

5-f>57 a&tf * + y t-> ?mmm>*z - > 5 9 a©pg 

[0045] 01 7%#M-TS<!:, ««t£^ ? F83 
a 8 3 b*^sR 3 ^/c^*igJ©^ffl{C^ 1 ±Wmmt&& 

*mm8 5&^Z-~lsi?U-r:mm&'iv F8 3a, 8 
3b©5%. F8 3b*Sffl3ia-5tr7 

YvJ IsZmi-rZ. VvY^-l >*i»M3 titdfeM® 

®±mtcm 2 ±eu^ra^M 8 1 z. m z ±su 
Jintttin 8 7 st?^ i ±wmmtmm 8 5 *«^{c 

A*-^>yucjif}S^- FA, F8 3a*®W31*-S 
F3>^if h*-Jl/8 9*mj&-?2>. C©l^. 
01 7K1^3n/c<J:5{C. ^fftt^^v F8 3a 8 3WC 
^fLTfiflE^- F3>^?^ h^-;l/8 9*^S^3iaT 
4. 7-F5-/>5 7aS^jiP B ^i^Jg7 9^Hi3n 

[0046] ^tC. 0 1 8 £#M0T, ^#6B^©gBg 
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[0 047] 01 s*mM-?z>±. mm#mtfL5 i±tc 
mswmm s titcffiwt ** - > 6 o . \tmL<omm 
snfc?- K^-f sns. Mfe©Be*§s 

>-c*->6 0«tB¥*Ttcffi?!)<*ft. S&ttJiUKKtcffiJI;* 
h/ci3^5 1 aELV&fflgkrt$-->S 9airtf. ffi^5 7 
a« >7 - K 7 -/ > © <fc 5 < ^->KtSt4. 

b*a*- > 6 0R^^i**ffi5 1 (Drsunzf- hm 
mm®* >> tnumwrn 5 5 as/pa stiscikt^s. 

13^6 5 a. 6 5 bWfcJ&SttS. WBJ&JS6 5a. 6 

5 vommmvtsmtow* 5 1 ©ssnsji asstr* 

C0048] BH^ £ — > 6 0 ©fiiJIgttX-^— 7 5 

7 sbes^*-:^ o 

©ffllf&£{$ (entire sidewall) 4851? *->$ni± 
•5 6 7 £ X 2> ? > iffR±^ -f -T - 6 7 ©±S|5ffliJM 

±{CfMSn/c±SC^-<— 9-- 7 la^tf. X. ^ 
-If - 7 5 fix 5, ^ > ^EBlt^ Ji--6 7 ®T8MRH££ 

au. _hg&x-<— 9-- 7 1 a«t K>m>$M%m?zmim 
6 9a &v¥m#mfo 5 1 ©fia tc «x ? ^ > ins. 

ifc5^:r-6 7©Mfia5**/r£E3ttS. iSm^fC. 

— V-7 5©TgP"fI»±gpifIJ:«3^^„ S£-3T. 13^ 

*->6 o<Dm<D¥-m&mffi.& 1 ©utaffis^s^ts 

[0049] y--7 5KJ;oTabft/cIgtg^£ 

- > 6 0 ®M©0r£ttW;l:3^&ttJrt 6 5 a. 6 5 bi ^ 
^JtCgi^^fcilttA- ? K8 3 a. 8 3 b(C «fc oTfi 

[005 0] 

^-K3>f* h*-Jl/©|eS^*§S?ritJP$-&€>C 

*^a§n-5SF§©iHi^fie*^i(cj:t^T 1 mm&z 

«Ci^5„ ftoT. ^M^Ife^jHRfcftSx 
[0®©©#^|^HJ] 

[01] — flSW&DRAMHzjuy b JWtKD— §p#£7jvr 
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[02] ^HffijiC<i:£iESg^:3>*£ rflfgft© 
[03] ft*^KJ:£gE$l£:3>*^ r$ii&© 

%mi5&&mwr & tctixDwrnm-cb 

[04] S^^j{cJ:^gBS|^r3>^^ Hfjgft© 
^*a*^^-s?ts?>©»iM0-r*^ o 

[05] t£fc&fl5{C s fc.5eB&£:3>*£> r$j§&© 
^^ffi £ IBHj-r £ fcfe©B(r®0-C* S„ 
10 [06] mt&ffilc£ZBEM&='>5'>? bmm#(D 

[07] ei£*^(cj;2,gBii^=j>^^ vmmw<D 

[08] *mwlcj:2>&E&-&^Zs2-!? Mtjg{*©7£ 
^S?rSiHJT-SfcJ?)©KM0-cab-5. 
[09] *^Bj(cj:^gB^=J>^^ h^i&*©Jg 

/&£&£t£Bjj-r •2>/cj*©k mm r & s . 

[010] ^Bj(c«j:5,g5^3>^^ h«5Sft© 
^E£75rffi?:5ftBg-r -5 fcfc©K®0-C* i„ 
20 [011] ^BJfc.fc^aB^i^^^ M#jg#cr> 

fctitfrmzmwrz tctt><Dmwm~c3b 

[012] *^Bj(cJ;^SE^3>^i' h^jt»© 
^^j* 5rlftBJ-T -5 fc«>©»i®0-C<& -5. 
[013] *^Bjtcj : ^@E^3>^ : J' h^j§<*© 

^^ffi* laBjj-r ^ fc&©K® 0-c* s . 

[014] #|PJJtcJ:SgE3l^=i>£d7 h*8iS(*© 

[015] ^Bj{ C< fcSgSiS^>^^ h^jg«f© 
?ft$:£££liiBjfr 5 /cfc©8Fr®0T& 
30 [01 6 ] ##SBj§icJ:£gESg£:3>£* h^jgf*© 
JfM^ffi^SiBjr ^/c&©8f?®0-C* -S. 

[017] *^tcJ:5aE^3>^i' h*gi§#© 
^^ffi^rgiBJ-r S/cfe©Kffffi0t?* -S. 

[018] *^BJtCj:5gESI^3>^^ h^ii*© 

[##©UiBj] 
5 1 

55 &m#m 

5 7a S3^ 

40 5 9a G?SJg;-C£-> 

6 0 B«^i»-> 

6 5a. 6 5b ^ymmm 

6 9a mw&mwm&m 

7 5 X^— »f- 

7 1 a ±SPX^— y-- 

8 3a. 8 3b WCtt'f? V 



(11) 
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[04] 




A 
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A 



[010] 




A 
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#K2 0 0 1-2 8445 2 
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4#ig2 0 0 1-284452 
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